virulent. It is my opinion that so-called 'atypical' avian strains isolated from human cases, which lack pathogenicity for laboratory animals, might revert on passage to typical avian strains. In many ways these 'rough' strains bear a close similarity to the Johne's bacillus.
It is probable that tuberculosis is enzootic in the wood-pigeon population, passing from adult to squab by the characteristic feeding habits and waxing or waning according to the density of the population. The mortality produced by the disease in pigeons is probably not great but it must be remembered that the vast majority of birds dying from this disease are never found. From the public health aspect avian tuberculosis might arise in butchers from plucking and dressing infected birds and, although tuberculosis in domestic pigeons is considered to be rare, pigeon fanciers might also be exposed to the risk of infection especially as good breeding stock might be kept long enough for the disease to manifest itself in these birds.
This infection is a very good example of the interrelationship between disease in wild life, domestic animals and man and in my opinion again points to the need for far greater study of comparative epidemiology. Natural disease due to Mycobacterium johnei infection occurs in cattle, sheep and goats; the disease has also been recorded in other ruminants kept in zoological collections. The natural hosts thus belong to a rather restricted group and in this respect Myco. johnei is unlike Myco. tuberculosis.
Myco. johnei has rather exacting growth requirements; mycobactin or 'phlei factor' is a necessary addition to media, particularly for primary isolation. The bacillus multiplies very slowly and growth may not be visible before six weeks to six months.
In cattle the disease takes a chronic and invariably fatal course; young animals are most susceptible but clinical signs are rarely seen except in adult-hood. Surveys have shown that far more apparently healthy cattle harbour the organism than will ever develop the disease; this illustrates the comparative lack of aggressiveness of Myco. johnei. The main lesion is in the intestines where there is accumulation of epithelioid cells and giant cells, but no caseation or calcification in cattle; the bacilli are often present in large numbers. Arteriosclerosis associated with Johne's disease has been reported. Diagnosis of the disease in its clinical-stages is facilitated by ancillary laboratory procedures such as faeces examination and complement fixation test; but there is no reliable and effective test for detecting the disease in the preclinical stages. There is no known effective treatment. Various drugs and antibiotics have been used in cultural and other studies; streptomycin and isoniazid both had effects in culture but no drugs have been shown to affect the course of the clinical disease. Control of the disease is facilitated by attention to general hygiene and separation of calves from adult cattle; a vaccine has undergone extensive trials and may be adopted for use.
In sheep the disease can be caused by three different varieties of Myco. johnei, one being pigmented. The symptoms and pathology are in general similar to those in cattle; caseous and calcifying changes have, however, been reported in some cases.
It has recently been shown that experimental infections can be produced in laboratory animals, provided that they are observed long enough and, in some species, provided young, rather than adult, animals are inoculated. Mice, hamsters, rabbits and voles are included in the experimental host range. Marked differences in susceptibility of different breeds of mice have been shown; C57 black mice are very susceptible, CBA brindle mice highly resistant, and white mice intermediate in susceptibility. Using the C57 black mice, 100% infection rates involving the intestines can be achieved; they can be infected using different routes of inoculation and give promise of use for testing vaccines and drugs, and for other experimental studies.
No cases of disease resembling Johne's disease have been recorded in man. It is suggested that one should consider the possibility of Myco. johnei being, on occasion, one of the mycobac-teria responsible for non-specific affections in man.
For those requiring additional information on Johne's disease and a substantial list of references the recent publication by Doyle (1959) 
Studies on Leprosy Bacilli in Man and Animals
Leprosy is the name given to an infection in man caused by Mycobacterium lepree, which was first identified by Hansen in 1874. Two other leprosylike diseases have since been described in animals, one occurring in the wild rat caused by Myco. leprwmurium and first identified in 1903 in Odessa by Stefansky and in London by Dean and the other occurring in the water buffalo in Java (Lobel 1934) caused by Myco. lepre bubalorum. All three infections have been grouped together because they are caused by mycobacteria which are found predominantly as intracellular organisms in mononuclear type cells. All three diseases have many similarities: they are chronic infections affecting the skin, usually non-fatal and although the intracellular parasites may be present in huge numbers they cause little damage to the host cell. Only in human leprosy are the nerves (Schwann cells) infected. The other, and most important, common feature of leprosy bacilli is that they still cannot be cultured in bacteriological media. Failure to culture leprosy bacilli has seriously restricted the scope of both fundamental and applied research into the pathogenesis of leprosy. Despite this deficiency considerable advances have been made recently by using a series of indirect methods of approach, utilizing the rat leprosy bacillus as a model for the human disease. Our bacteriological studies have been confined to rat and human leprosy bacilli.
Studies on Rat Leprosy Bacilli in Animals
Myco. leprwmurium can be readily handled in the laboratory as an experimental infection in rats and mice. Infected tissues from these animals are a ready source of bacilli and can be used for infecting other animals. By applying quantitative techniques it is possible to follow the total number ofstained acid-fast bacilli-in the tissues of animals infected with known numbers of Myco. leprwmurium and therefore to determine the rate of multiplication. The results show that even in a susceptible species the bacilli divide only every 10-14 days. This very long generation time is unique for micro-organisms, even for mycobacteria, where the generation time for the tubercle bacillus is 22-24 hours. Therefore the chronicity of rat leprosy can be explained alone on the slow rate of multiplication of the bacilli.
Although it has been possible to determine the generation time of Myco. leprwmurium without being able to culture the organism, still more information could be obtained if it was possible to distinguish 'dead ' and 'live' bacilli. First, using electron microscopy (McFadzean & Valentine 1959, Rees et al. 1960) it has been possible to distinguish two distinct morphological types of bacilli, one appearing intact and healthy and the other showing degenerate changes. Subsequent studies showed that the degenerate form (Rees et al. 1960 ) was incapable of producing disease in mice and therefore was presumably dead. Furthermore, such bacilli could be distinguished in the light microscope as showing irregular staining with carbol fuchsin. By following the total number of bacilli in the tissues of animals with murine leprosy receiving an antileprosy drug, isoniazid, and determining at the same time the proportion of degenerate forms of bacilli, it was shown that a high proportion of the bacilli were killed by isoniazid but the dead organisms persisted in the tissues for many months (Rees & Waters 1963).
In our attempts to grow Myco. leprcemurium in vitro we have concentrated our efforts on tissue culture methods, which have now proved successful. Myco. lepra?murium can be grown, more or less continuously, in rat fibroblasts by subculturing the infected cells every twenty or thirty days (Rees & Garbutt 1962) . In tissue culture the bacilli have an average generation time of 12-4 days, grow equally well at 37 and 34°C but not at 30°C. The tissue-culture-grown bacilli still fail to grow in ordinary bacteriological media but retain their pathogenicity for rats and mice.
Studies on Human Leprosy Bacilli in Man and Animals
Studies were first undertaken on the morphology of Myco. lepre from a series of untreated cases of human leprosy using both the electron and light microscopes; appearances were identical to those of Myco. lepramurium. Furthermore, on average less than 50% of the human leprosy bacilli appeared to be viable. Morphological studies of skin smears from patients treated with diaminodiphenyl sulphone (DDS) showed that although a high proportion of the bacilli were dead after only three to six months of treatment the bacillary
